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h y ^v>* * t -ClE*R*t6tflE 

-C§3 9 WIS'** h 7 * fciaHx*««Mt&— 

-o &> £ ft* 3 ! 2 mm^mi^ u ^ * u - 9 o 
ltt#s 5 ] «rB*»3&> e> o«iw«* fc bt > MB* 

8 ] A^T- ^ G N DW^oMUUSaSfr* 

la** u 2 > 3 > 4 ^ 5 ^ 6 * fcf * 7 

^Sft6fB2<D«tt;*. -W$n(D»«^ 
jgE£;ix5!& (n+l) Officii: SrAflIU 

KE^^yf^^K** m^mn<nmjitm (n + 

% (n+l) ©«a;4:«>«A4:*MEGND«fflCj(a** 



[000 1] 

i»w*>*-ra«flf#iM ****** 

[0 0 0 2] 

[ooo3] L^u^w^aasajE^rTJf *hwte&& 

[0004] ^it, *o<t^«(:«(7)tff^^ 

^Stfe : [R. Jacob Baker, Harry W. 
Li, David E.Boyce "CMOS CIRCUIT DESIGN, LAYOUT, AND 
SIMULATION" ] (£Tf\ 3lfflSCKl^V^5) SfcttWHl 
200 0-03 9 9 2 3^i («T> 9lflJ:SC*2 fcV* 

[0 0 0 5] SlfflXtt 2 IcE*<©IhIBHS:^ LfcB 4 £ 
«Hi-« t > % 1 <0^*<0«JE i/*ai/-#BB4 0 1 
tt, A^i» J f-4 1 fcGND*f4 2<DBBfc:«M*£ftSI& 
^it*I«4 4 fc, M&fflHM 4<D#E<BA*»*4 5 

oiu*4 7icy-h*a8K**t. w*«^4 3icf^ 

1^, |S^li*S^4 4<DMJj4 7 fctti*MiF-4 3t-g§^c 
^tl^ffiWiCl^ ttl*»?4 3l:GND*r 
4 2W»i:«K*ix*tt«*MI**C2 4:, W^ 43 

tC^JKStb, fl*#GNDWP4 2KJHIShaffl(tR 
JWRatWtRb©Mk«»IW4 4«)K 
(RA**«Rb-CV^a«HF4 6i:, U*J»4 3fcGN 
D*g^4 2raiC«lK^ttrv>5ft^flHlK4 8 ^^rffl^ 

[0 0 0 6] r ©H 4 1 «)tt«^«E^** ^ 

-*ia*4oi-etfc w*j»4 3Kim*stta«E* 

V o u t f±*R(EA**f L 4 5 KA*£ftSS2pmffiV 
r e f a , SSlR b *JBV^"C»T«>*-e^i"- 

Vout=Vref • (1+Ra/Rb) — (H) 

[0 0 0 7] u^3.u-^a*«E«:*H-e**^» 

[0 0 0 8] i5^#I«^> i20«<Otff^^ 
al/^@«501li, AA«?5 1tGND«f5 2 
(DMIC«RSttaiR»«««5 4i:. P^ii^S5 4CD 
*S«5A*«^5 5 fc, A**f 5 1 lcy-^*«»S 



-2- 



J}<&* 5 3 \C vjW**S*VC^* P -MO S©/> 
^ h 7^W51t, |Rf6Jafi*5 4(DW*5 7fc 

^5 3 tGNDJS^5 2ratC^S^2>^*^* C 

»ji«Rc©«il«fc^£***« Rdfc ' - JS * 5,S 

StR c fcfctfiR d OSE* ii&HEitN@S§4 WR«5A^«T« 



fSW bt. fcfcRf iJ&i*Rg«>£** GND4S ^ 5 

DBS* 5 2 Mfc««SiVC^**ffifH* 5 8 

5 [0 0 0 9] -W0 5^-rB2<D^»«E^= ! f^^ 

[0 0 1 0] 



V !rt^V:^Vr:;c/(Rd + Re + Rf + R g )) =Vref 
(1+Ra 1/Rb 1) (1 2) 

~~ C * (12-1) 

(12-2) 



Ra l=Rc 

Rb l=Rd+Re+Rf +Rg 

Vout=Vref ■ (1+Rc/ (Rd + Re+Rf) ) -V r • f 
Ra 2/Rb 2) (1 3) 

(13-1) 

Ra2 = RC (13-2) 
Rb2 = Rd + Re+Rf (13 Z; 



(1 + 



(1 +Ra 3 



V.nUi.f (1+Rc/ (Rd + Re) ) =Vr ef 
/Rb 3) (1 4) 

C: " Cl „ (14-1) 

Ra3 = Rc (14-2) 

Rb3=Rd+Re 114 

Vout-Vref (1+Re/Rd) =Vref (1+Ra4/Rb4) 
(1 5) 

Ra 4 = Rc 
Rb 4 = Rd 
r©tSa (12-2) , (1 3-2) 
Rb l*Rb 2*Rb 3*Rb 4 

loon] r.©«2«ofl6*©mffiv*»^-* 

@K 5 0 1 5 4 o#R<BA*«Hf - 5 5 ^ 
V 5 =V 6 

$ P>1^ b 7 9U 5 1 (cgSStbSmffi Idstt, 

I d s=V6/RB 

[0013] t fC.^b9^M61«>gm «*, 

gm = (2- Id.-flW/L) 

L---M 1 — bS 



(15-1) 

(15-2) 

(14-2) (15-2) <fc!> 
(1 6) 

&V 5 i: Bt*2A*JSHP 5 6 <^mtt V 6 *HS U < * ». 
[0 0 12] 



(1 7) 



(1 8) 



(1 9) 



Cox 
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Co x-Ml^-hB<«*l 

f p = gm/(2 rtC2) 

[0 0 14] ±3SU/tJ:5^ r<DJB2^tt3RO«ffiu 

[0 0 15] 

6) fttf* (17) J: 9 x hyy^^MlOii 
I d i#-3ET?ft<*0* * (H) * 9> 

[0 0 161 SfeK. * (2 0) <t «9 . ^^SWaJli 

SMyfSWct, H^|BVout#«botl* 
[0 0 17] 

[0 0 18] «B<Otff^*^-^^»S* 

[0 0 19] SfcSfefc, *JMBO«JEu**^-^ 
«u Bfp*-K«-»«:«v^^tr— K*«pIhIK4:, WIS 

[0 0 2 0] 

[0021] Bitt, #«w©s 1 (omm^m^m^ 
[0022] #»«oiis 1 v^^u 

-9\ 0 1(1 tGNDfflf2^fflC8«§ 
»l«IMMM»4 2:« *36«««4 0#SCA*«H : 5 

, fWBA*»* 1 5/ - * MKtt * n^^tites 4 CD 
Sfttv^p-Mos©/^ h7y^^Mi 

ffiffi«^SC2^^<l^^o 

A***D llrHigh u*VH£ 
K;HCtts SWlA©»tMy 
V o u t =V r e f • (1 + (R 1 



(2 0) 

[0023] s?)^ *»Mojm«)saso»»«>«H£ 
g^cR 1 1. -mmw.R ioffl,*«d««stbs«a:R 

-«dS«StR 3 ©te«lc»«S*t*iS«L R 4 * , 
«ttR4©*WtJ(»*ii5»ttR5i:, -ttM&ttR 
5<o««^l«RSix*«atR6fc. -iiSS«R6 0» 
«Kc«RS Jx*«»tR 7 k > -^* 5 ffi^R 7 ©«*c» 

jRS*M&«dSGND«^2li*«*tb*«StR8^- * 

ftR 4 £S£lR 5 n&AktM&MHt* ©RCA**? 

6^S8R**t5N-MOS h7^^SWlA^ J£ 
ft R 3 £ Sift R 4 Rl£«ffi« 4 OS*5A* 

6lcS8Stl$N-MOS h7^^SW2A^ % 
«R7fc«ttR8©3t*fcGND*f-2Kl«»**bSN 
-MOS h7^^^ SW2 Bt. 1SSt:R2 ^ISfiiR 3 

-MOS h^V^** SW3Ah 1S;#lR6 £Jg£iR7 
0«WGND*F2fcW««*l5N-MOS b?^ 
7 ^SW3B^ BJJtRl i:«tt:R 2 ©SEA 
*4©R*^^6fc«*S*t*N-MOS 
**SW4A*:, «ttR5k«ttR6©3tAfcGND* 

N-MOS SW1 A<oy— MESSRS ft* 

A*«Hf-Dlfc. N-MOSb7^^SW2A(0y 
-h^N-MOS h7V^^SW2B^H:ii 
3fr6A*MHPD2*, N-MOSh?^#SW3 
A^-htN -MO Sh7 l/V* 9 S W 3 B h 

SW4 A coy — h £ N-MO S b7^^SW4 BCD 
y„ Hc g^$^A^D4^ W*«*3fcGN 
D*^2lB»c»NK**t-rv^A«rEIl68i:*rfll*.6. 
[0 0 24] ftl-, #3SW©35 l ©*D6©»«©«ffi^ 

[0 0 2 5] l©SMi©»«©«E^»^ 

1BA#»?- 6 com^ v 6 b < ft £o 
[0 0 2 6] 

V5=V6 (0) 

■*■*) tt. N-MOSh^^^SWlA, SW2 
A, SW2B, S W 3 A, SW3 B, SW4AWSW 
4 B^ty/^^^^t^SfiAASffS MA 
^tl^Plff ©TV r e f k*t&) Vfc^Zo 
[0 0 2 7] 

U AA«ffD2 f D3RtFD4£LowU 
+ R2 + R3+R4) / (R5+R6+R7 
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+ R8) ) =Vr e f • (1+RAl/RB 1) U> 

RA1=R1+R2 + R3+R4 (1-1) 

RB 1=R5+R6+R7+R8 (1-2) 

^«fD2«rHigh^;Ha, WJ«fDl, D3SOT34U»wW 
^;vttt, SW2 AWSW2 ^ftV^fci^ 
Vout=Vr e f • (1+ (R1+R2 + R3) / (R4+R5+R6+R7 
))=Vref- (1+RA2/RB2) (2) 

RA2 = R1+R2+R3 (2-1) 

RB2 = R4 + R5 + R6+R7 (2-2) 

^DSWIlh^U A**H>1. D2StfD4tL.wU 
^HcUt, SW3AitfSW3Bfe^f^S*^ 
Vout=Vre f • (1+ (R1+R2) / (R 3 + R 4 + R 5 + R 6) ) - 
Vref • (1+RA3/RB3) (3) 

RA3=R1+R2 (3-1) 

RB3 = R3 + R4 + R5+R6 (3 2) 

W,l»D4WighW^KU AA^Dl, D2S:tfD3*LowW 
K/HiLt, SW4AMSW4B&^^yf*^^*fc^ 
Vout=Vr e f • (1 + (R 1) / (R 2 + R 3 + R 4 + R 5 ) ) =V r e 
f. (1+RA4/RB4) (4) 

" RA4-R1 J 4 " 1 ! 

RB4 = R2 + R3+R4 + R5 (4-2) 

±B©«Kl. N-MOSF?^f«>*^«« [0 0 2 8] r«>i#. 



R2=R3=R4=R6 = R7=R8 (5) 

ffZt. HJ*«dff»tt©GND««tt*RBr*5t (1-2), (2- 



(1-2) , (2-2) , (3-2) , (4-2) X9 



(7) 



RB=RB 1=RB2=RB3=RB4 — 
. . * I d s 14. 

[0029] r.r.-c** h9^?Mi u:»i/5msffi 

I d S-V6/RB ^^y-^^MlCtSl d s fc— 9 » 

100 3 01 5t(0). (6) Xt« <7> ±9«B~ l/2 fRl 

gm= (2 • I d s • 0W/L) 1/2 W 

i _•=&[- yy-* - - f M ---MlC>m j f-^®)SE 
3 ^^^gmt>-SU5. — Cox ... M10 y- hW aWi 

..SWU^^ri R2= R3 rr R 6 =R7 = R8-32 ka 

kW^H»t-l»«^ ^^^^ AW JWMM"* 



I00311 RT. «WS«»JBVVCWM-*. « ^*' 3 2] i 5-h i g h i^U A* 

£LT ^ D2 D3WD4^Lowl/^tt, 

Vref = l. 2V f S WlAW^W4*feH« » 

R1 = 64k ° Vottt-1. 6V 
R5 = 9 6 k Q 
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A^iS^D 2 £H i g h U"</WC I. A^BS^D 1 , D 
3^D4$rLowl/^Ctt, ^ y fSW2AS 
^ S /fSW2B?:^^5'ftyW:^ (2) 
£9 

Vou t = l. 8V 

A^J^D 3 £H i gh l^/Mci U A^/C^-D 1 , D 
2^D4!rLow^;H:tt, ^yfSW3AJ 
ff^ SW3 Btr^'f t^Stttlft* (3) 

P= f • C 2 • V o u t 2 

;ftP Hi* (10) XV 
Pl = 15. 488 [/iW] 

Vo ut = 2. ovofc*^AWHK8-e«»SixS« 

;ftP 2i** (10) «fc 9 
P 2= 1 2. 8 OW] 

Vout = l. 8 vott^A1ffiHiB8-e?H»*^s« 

^|P3fi* (10) <fc«9 
P3=1 0. 368 [jiW] 

vout = i. 6v<oi:#oA»iatt8-e«»s*t*« 
^P4«(io) £9 

P4 = 8. 19 2 [mW] 

[oo3 4] mz, ^mm<om2(DmM(D^m(Dmm^ 

ICilflP^H UfcW^-Cfe 

[0035] *&w<Dm2<omi&<Dmm<DW£^~i<' 

B&9£, B*«^3i:GND«^2lBlc«KS*t*:A«r 
(a^^B*ft« 1 2£, tftlB^tr-Klfc*Dia 

^y^9J9#^.«*Dl, D2, D3Jtt5D4i:«HBA 
fflilttl 2a>&W*SftS*-Kffl#*«-*l 

[0 0 3 6] &t-, *tf-Kfc»EK9**»r*H* 

3 £r#J® l/rlft^t* £<> 
[0 0 3 7] *»M^>*2(OSIlS<OJBtt<0«ffiW**W 

-*2 o io^tr— K»»iaiS9r4, hjeev^v-* 

3 'J ^ l 4 ^ tK 

MSBV^S***"?* l 5«r-«£-r*#««i 8 

«iiay ^a-v^f— * i 4 0>tttfjfc«ri&$wa»i 

AND0Kl6i:, gjfBANDlilKl 6<OttJ^^A^i: 
UWSMWi^Sip**^ l 9t!)tyhitM? 

So 



Vo u t = 2. 0V 

A^T-D 4 £H i g h U^wl- U A^^D 1 , D 
2WD3§:Lowl/^Hat, ^j/fSW4A^ 
y f SW4 B fe^>f Stfci^S (4) 

Vout = 2. 2V 

[0033] -r-e*«iaK8-ctB»stt««*Ptt. 

(10) 

[0 0 3 8] ANDHftl 6t£*oTffl*Sfrfcy >^ 
*->^U— * 1 4<DW*£#m&l 8tf»H*ftfc5>« 

[oo3 9] B2*#jRLT»flwRws:"t-e. 
[oo4o] ^m<om2(Dmm<Dmm<omm^^^ 

-*<D&tft®ftl 2 ttCPUtt y*4r*T 

y^«»tSr»d»"r««** fc - K<0 2«a«rKJtr*>So 
[0041] * tr- K*iailHiK9 -ctt, ^WIhJK i 2 a* 

«UBgi 2^&a*S*ba*"-K9J»*.«*l 1 fc^ 3 
-^1 0p^cd|^S^-C^^^^^^^'^ D1 ' D 
2, D3^D4lC^-r^>o 
[0 0 4 2] "f^-y 1 Ofcio-CtttfjSJxfc*^ 
3J#;i{i^-D 1 , D2, D3^D4lcJ;ot, 
(0^1C0^(0^oaiE^^^^^^^ l;:: > N ~ 
MOSf7^^SWlA, SW2A, SW2B, s 
W3A, SW3B, SW4AWSW4B^9ft 
* (1) , * (2) , * (3) JkXXK (4) *0tt«J» 

-f- 3 <7)w^iEiv out ^*^-r 6 0 

[004 3]W^ ^tf-KtW»HK9»ff*H3*# 

[0 0 4 4] yym^^u^py^©** 

^mJE^^^^-^W*^3(D«Ei:, h 9 

[0 0 4 5] Iff a ^ tti**^ 3 Oflff tISrf 
v^v^ v—?ftmtl-$-Z> 9 13 y - ^ tc 

[0 0 4 6] ~<D*i&m<DfR2<Dmn<OJ&1&<n9&l'* 
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1004 7] 

[Hi] 1 oiWitotE^^^ 

[02] *»W©fK2 0*ft^»lB^«E^* 
[03] *CT^f 2^MiOlff^^^^-^ 

[H4] mi©«*«>ltff^*aU'— ^^HKHt?* 
*• 

[H5] JB2<o«*^«lE^*=«-^---^^K ,a " e * > 



So 

1 , 4 1, 5 1 A^^T* 

2, 4 2, 5 2 GNDW 

3, 4 3, 5 3 WrtSW- 

4, 4 4, 54 mW%t&& 

5 , 4 5, 5 5 ^EfiA^W^ 

6 , 4 6, 5 6 ffi^ 
7,4 7,5 7 mti 

8, 4 8, 5 8 ^ISflHlK 

9 * tf — KttftlBtt 

1 0 f^-^lsIlS 

11 K$J#*.«# 

1 2 ftffHIB 

13 * tf- K«»«# 

14 !)yWa^ 

15, 19 aawoy* 

1 6 ANDdJ&S 
17 

1 8 »H* 

1 0 1, 2 0 1, 4 0 1, 5 0 1 fcEEU^V-* 



111 
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Ii2] 
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